a2 United States Patent

Lemmens et al.

US009134796B2

US 9,134,796 B2
Sep. 15, 2015

(10) Patent No.:
(45) Date of Patent:

(54) FOLDABLE TACTILE DISPLAY

(75) Inventors: Paul Lemmens, Eindhoven (NL); Floris
Maria Hermansz Crompvoets,
Eindhoven (NL)

(73) Assignee: KONINKLIJKE PHILIPS N.V.,
Eindhoven (NL)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 43 days.

(21) Appl. No.: 13/264,103

(22) PCTFiled:  Apr. 13,2010

(86) PCT No.:

§371 (D),
(2), (4) Date:

PCT/IB2010/051585

Oct. 12,2011

(87) PCT Pub. No.. W02010/119397
PCT Pub. Date: Oct. 21,2010

(65) Prior Publication Data
US 2012/0032906 A1l Feb. 9, 2012
(30) Foreign Application Priority Data
Apr. 15,2009  (EP) oo 09157902
(51) Imt.ClL
GO6F 3/041 (2006.01)
GO6F 3/01 (2006.01)
(52) US.CL
CPC ..o GOG6F 3/016 (2013.01); GO6F 3/011

(2013.01); GOGF 3/0414 (2013.01)
(58) Field of Classification Search
CPC ..o GO6F 1/163; GO6F 1/1616
USPC ittt 345/156-173
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7,082,570 B1* 7/2006 von Wiegand etal. ....... 715/702
7,967,679 B2* 6/2011 Ombrellaro etal. ............ 463/30
2004/0010390 Al*  1/2004 Kellyetal. ... .. 702/150

2004/0068211 Al
2005/0092832 Al
2005/0113167 Al*
2006/0277680 Al
2008/0052837 Al
2008/0094226 Al

4/2004 Leivseth et al.

5/2005 Gough et al.

5/2005 Buchneretal. ................. 463/30
12/2006 Goetz

3/2008 Blumberg

4/2008 O’Shea et al.

(Continued)

FOREIGN PATENT DOCUMENTS

CN 101206522 A 6/2008

EP 1533678 Al 5/2005

GB 2241894 A 9/1991
OTHER PUBLICATIONS

Iwai et al: “Smart-Furoshiki:RFID-Embedded Cloth Enabling Mul-
tiple Area Detection”; 27th Conference on Distributed Computing
Systems Workshops (ICDCSW’07), 2007 IEEE, pp. 1-5.

(Continued)

Primary Examiner — Carolyn R Edwards

(57) ABSTRACT

The present invention relates to a foldable tactile display (1)
and a method of operating it. The foldable tactile display
comprises a plurality of actuators (2), one or more sensors
(3-6), and a computing unit (7). The computing unit is able to
control the plurality of actuators in response to the received
command signals and sensor signals. In an embodiment, the
tactile foldable display is used in connection with multimedia
content. The foldable tactile display may be in the form of a
tactile blanket.
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1
FOLDABLE TACTILE DISPLAY

FIELD OF THE INVENTION

The invention relates to a foldable tactile display, such as a
tactile blanket, comprising sensors and actuators.

BACKGROUND OF THE INVENTION

Haptic technology provides an interface to a user via the
sense of touch by applying forces, vibrations and/or motions
to the user, i.e., in haptic technology a haptic device may
provide stimulation to the user. When the stimulation is
directed to perception by touch, the device is often referred to
as a tactile device. One example of a known haptic device is
a game controller. A game controller could, for example, be
used to simulate a race car steering wheel by providing the
user with the “perception of the road”. As the user makes a
turn or accelerates, the steering wheel responds by resisting
turns or slipping out of control. A game controller can also be
configured for tactile feedback that is perceived via the skin,
such as a vibration, e.g., in response to the user’s car touching
the guardrail.

An example of a tactile device is disclosed in the English
patent GB 2 241 894. In this patent a massage mat consists of
cells disposed in a rectangular form, enveloped, for example,
in synthetic leather, and controlled by an external control unit.
Specifically, the massage is manually activated by the user by
pushing the buttons on the controller, thus deciding massag-
ing area, intensity and duration of the action.

While the massage mat offers a tactile sensation to the user,
it is limited to a single person usage and controlled manually
by the user herself, thus supporting only a one-way type of
communication (i.e., from the control unit to the mat of cells).

SUMMARY OF THE INVENTION

The inventors have had the insight that there is a need in the
art for a more generic solution for conveying a tactile stimu-
lation to a user. In particular, the inventors have realized that
there is a need in the art for a tactile device which is versatile
in its use, which is not limited to a single user, which can be
worn by a user, but which is not limited to a specific spatial or
oriental relationship between the tactile device and the user.
Moreover, there is a need in the art for a tactile device which
can be used in combination with multimedia applications. In
general, there is a need for a multimodal sensory tactile device
which is portable, manageable and flexible in use.

The present invention addresses the above needs by pro-
viding, in a first aspect, a foldable tactile display comprising:

a computing unit adapted to receive command signals and
sensor signals;

a plurality of actuators distributed in the foldable tactile
display;

one or more sensors distributed in the foldable tactile dis-
play, the one or more sensors being connected to the comput-
ing unit;

wherein the plurality of actuators are controllable by the
computing unit in response to the received command signals
and the sensor signals.

A foldable tactile display is a tactile device which com-
prises a coherent arrangement of actuators, where the display
can be folded or draped so as to accommodate the shape of an
object or user. The invention adds the functionality of tactile
stimulation to a foldable object, and thereby provides a tactile
display capable of a multimodal sensory experience.
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In an embodiment, the foldable tactile display is a tactile
blanket which may be folded or draped around a person.
Moreover, at least a surface layer of the foldable tactile dis-
play may be textile-based, such as based on a synthetic or a
natural textile material. By using a textile material a tactile
display may be provided which is perceived in a manner
similar to a normal blanket, but with the tactile functionality.

Various types of sensors may be applied. In an advanta-
geous embodiment, the one or more sensors comprise an
orientation sensor for automatically detecting an orientation
of the foldable tactile display. The use of orientation sensors
renders it possible to provide a tactile display which is not
dependent on a predefined oriental relationship between the
tactile display and the user. Thus by using orientation sensors,
a user is not limited by requirements on how to orient the
tactile display in a situation of use.

The tactile display may moreover comprise such sensors as
pressure sensors and proximity sensors.

The tactile display may comprise folding lines along which
a folding configuration can be detected from sensor readouts.
The folding lines may be areas or regions especially adapted,
e.g., by a sewing line, to ensure folding around these lines, or
they may be the folding areas which come about when the
display is folded, but which are not pre-adapted for folding.

While the foldable tactile display may be used in different
situations, it is may especially advantageously used in the
context of entertainment and emotional immersion. By add-
ing tactile stimulation to multimedia content a more emo-
tional experience can be provided. A foldable tactile display
is a very generic tactile device which can be used in a large
variety of ways in contrast to such devices as game control-
lers, etc.

In an advantageous embodiment, the computing unit uses
the actual orientation detected by the one or more orientation
sensors to adapt predefined tactile patterns either stored in the
blanket or transmitted to the blanket by an external computing
device. The computing unit may based on a received com-
mand signal to select a predefined actuator configuration and
based on the sensor signals determine whether or not the
predefined actuator configuration should be reconfigured to
generate a reconfigured actuator configuration, so as to con-
trol the plurality of actuators in accordance with the resulting
actuator configuration. Alternatively any reconfiguration may
be computed in the external computing device, and the com-
puting unit may simply receive a command signal reflecting
the resulting actuator configuration. By using a database of
predefined reconfigurable actuator configurations stored in
the tactile blanket or in an external computing device, a com-
puting unit with limited computing power may be used, since
the computational operations involved may be kept at a mini-
mum. This facilitates a computing unit with reduced sized
and reduced power consumption.

The foldable tactile display may form part of a tactile
stimulation system further comprising a command units com-
municatively connected to the computing unit. The command
unit may be part of amultimedia system or separate from such
a system, for example it may be a remote control.

In a second aspect, the invention relates to a method of
operating a foldable tactile display according to the first
aspect of the invention. The method comprises receiving
command signals and sensor signals and inputting these sig-
nals into the computing unit; and controlling the plurality of
actuators by means of the computing unit in response to the
received command signals and the sensor signals.

In general the various aspects of the invention may be
combined and coupled in any way possible within the scope
of the invention. These and other aspects, features and/or
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advantages of the invention will be apparent from and eluci-
dated with reference to the embodiments described hereinat-
ter.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be described, by way of
example only, with reference to the drawings, in which:

FIG. 1 shows a foldable tactile display in the form of a
tactile blanket with sensors, actuators, two folding lines and a
computing unit;

FIG. 2 shows a tactile blanket with multiple folding lines
and integrated units, each containing an actuator, a pressure
sensor and an accelerometer;

FIG. 3 shows a side view of the tactile blanket in FIG. 2
with its actuators and illustrates aspects related to multiple
folding lines;

FIG. 4 shows a tactile blanket draped on a user and attached
to a tactile stimulation system, such as a home entertainment
system; and

FIGS. 5A and 5B show two examples of folding configu-
rations of a tactile blanket: upright and flat, respectively.

DESCRIPTION OF EMBODIMENTS

Embodiments of a foldable tactile display 1, 20, 44 are
disclosed in the following. The foldable tactile display is
described in terms of a tactile blanket. However, it is to be
understood that the invention is not limited to this embodi-
ment. Other foldable tactile displays include, but are not
limited to, cushions, covers, vests, jackets, trousers, hats and
other garment. Embodiments of the present invention intend
to render possible normal use of a blanket, such as in connec-
tion with covering of a person or persons, or as a cushion or
cover in a couch or chair on which persons can sit or lean to.
In embodiments, the fabric of the blanket is such that it can be
draped to a certain extend freely by the user. This introduces
challenges with use of pre-programmed tactile emotion pat-
terns, because the orientation of the blanket with respect to
the user as well as the folding configuration of the tactile
display is unknown a priori. It may be important to know the
orientation, for example in connection with using pre-pro-
grammed patterns describing a tactile effect going from top to
bottom in a blanket that is in upright position with respect to
a blanket that is in oblong position would result in two totally
different effects, i.e., a top to bottom effect versus a left to
right effect, respectively.

FIG. 1 illustrates a tactile blanket 1 which comprises a
plurality of actuators 2 and sensors 3, 4, 5, 6. Two types of
sensors are illustrated: pressure sensors 3 and orientation
sensors 4, 5, 6. The orientation sensors may be in the form of
acceleration sensors (accelerometers), which are sensors able
to detect the direction of gravity. The one or more sensors are
connected to a computing unit 7 adapted to receive both
command signals and sensor signals. The actuators 2 are
evenly distributed and embedded in the blanket 1 in order to
accommodate tactile stimuli over the entire blanket. In gen-
eral, however, the distribution pattern of the actuators may be
in various types of patterns. The plurality of actuators 2 is
controllable by the computing unit 7. Examples of actuators
can be vibrating eccentric mass motors (EMC), heaters (e.g.,
resistive elements), coolers (e.g., peltier elements), electro-
active polymers, Transcutaneous Electro Nerve Stimulation
(TENS), piezo actuators, shape memory alloys, etc.

Moreover, in addition to, or instead of, pressure sensors
other sensors could be used, such as proximity sensors.
Examples of proximity sensors tailored for the range of appli-
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cations of the tactile blanket can be optical sensors, capacitive
sensors, inductive sensors, infrared reflection sensors, etc.

In the embodiment of FIG. 1, the pressure sensors 3 are
evenly distributed across the tactile blanket 1. The pressure
sensors are used to determine an area on the blanket which is
in contact with the user. For example, the pressure sensors
may be used to determine the number of users sitting on the
blanket and where on the blanket 1 the one or more persons
are sitting down. In the situation where one or more users have
draped the blanket around them, the pressure sensors may be
used to determine the contact area between the blanket and
the one or more users. This information may be inputted in the
computing unit 7 so as to control the plurality of actuators 2 in
response to the detected number and position of the one or
more users.

In the illustrated embodiment, three orientation sensors 4,
5, 6 are used for detecting the orientation ofthe tactile blanket
1. The detected orientation is inputted in the computing unit 7
s0 as to control the plurality of actuators 2.

In the illustrated embodiment, the tactile blanket 1 com-
prises two folding lines 8, 9, so that it can be folded along the
one or both of them. Examples of folding configurations are
(in the following || and L stand for parallel and perpendicular
orientation, respectively): (1) accelerometer 4 || accelerom-
eter 5 || accelerometer 6: the blanket 1 is flat (cf. FIG. 5B); (2)
accelerometer 4 | accelerometer 5 || accelerometer 6: the
blanket 1 is folded along the vertical dashed folding line 8 (cf.
FIG. 5A); and (3) accelerometer 4 || accelerometer 5 | accel-
erometer 6: the blanket is folded along the horizontal dashed
folding line 9.

In the illustrated embodiment, the orientation detected by
the orientation sensors 4, 5, 6 is inputted in the computing unit
7 so as to determine a folding configuration of the tactile
blanket 1 along the one or more folding lines 8, 9 and so as to
control the plurality of actuators 2 in response to the folding
configuration. In the case of two folding lines, three orienta-
tion sensors is the minimum to handle all orientations and
folding configurations on the blanket. Indeed, in this embodi-
ment, more orientation sensors would add to the cost of the
blanket and do not offer more information.

In a different embodiment, switches or other means may be
used for determining the folding configuration. For example,
if a switch is inserted in the tactile blanket with its two
electrical contacts lying on opposite sides of the folding line,
whenever the tactile blanket is folded, the switch is activated
and the computing unit is able to retrieve the corresponding
folding configuration. This method, as well as the above-
mentioned one making use of orientation sensors, permits
automatic detection of the folding configuration.

FIG. 2 depicts an embodiment of a tactile blanket with a
large number of folding lines. The tactile blanket 20 com-
prises a number of integrated units 21, which embed an actua-
tor 22, a pressure sensor 23 and an accelerometer 24. To detect
a folding line, the read-outs of the orientation sensors are
compared. Practically, if two adjacent lines of orientation
sensors 25, 26 have different read-outs (per line) then a fold-
ing line 27 is detected as being present between them. This is
further illustrated in FIG. 3, which shows a side view of the
tactile blanket 20 with its actuators 22. For example, taken the
two rows of actuators 25, 26, the first one has a value of
gravitational acceleration g=0, while the second one has
g=+1, therefore a folding line is detected in between. Accel-
eration data can be averaged per line to make a more accurate
distinction when the folding angle is relatively shallow; this
permits to differentiate between cases with g=0 and g=+0.1,
for example. It is preferred that all orientation sensors are
sewed in the blanket in the same direction; in the current
example it is necessary to have the orientation sensors in the
same direction.
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In a situation of use, the tactile blanket may receive com-
mand signals. Such command signals may originate from a
user selection. A user may, e.g., select a given actuation
program by means of a command unit or controller. The
command unit may in embodiments be integrated with the
tactile blanket or may be detached but connected to the tactile
blanket, e.g., by means of a remote control or other control
means. In embodiments, the controller may be a wireless unit.
The controller may also be part of a multimedia system as
described in connection with FIG. 4.

In an embodiment, the computing unit comprises a storage
means, such as a small memory chip, where it stores a data-
base of predefined patterns of actuator configurations. The
computing unit may, based on a received command signal,
select a predefined actuator configuration. Based on the
received sensor signals, the predefined actuator configuration
may be reconfigured to generate a reconfigured actuator con-
figuration.

In a general embodiment, calculations related to the actua-
tor configuration of the tactile blanket can be done either in a
computing device separate from the blanket, e.g. a device
forming part of multimedia system or in the tactile blanket
itself. In the first case, two-way communication is required to
transfer the readouts of the sensors to the computing device.
Hence, the processing power of the tactile blanket can be
rather low. In the second case, the computing device sends the
patterns to the tactile blanket, which recalculates them based
on the sensors input; this may require a higher processing
power.

In the following, the embodiment computation in the com-
puting unit of the blanket is assumed.

In operation, the tactile blanket retrieves its orientation and
folding configuration and the computing unit adapts, chooses
or assembles the tactile pattern that is most suited for the
current situation. For some patterns it may only be necessary
to know the orientation of the blanket, i.e. if the pattern runs
from top to bottom, whereas some patterns may require a
more thorough reconfiguration. Some patterns are body-part
specific, which means that they are only suitable for use in
connection with particular parts of the human body, like
upper legs, back, buttocks, etc. Based on a received command
signal, the computing unit selects a predefined actuator con-
figuration and, based on the sensor signals, determines
whether or not the patterns should be reconfigured, and if so
reconfigures it to generate the actual one, the resulting pattern
is used to control the plurality of actuators.

The measurements performed by the sensors result in the
determination of the orientation and folding configuration of
the tactile blanket. These measurements are used to reconfig-
ure, e.g. by adaptation and combination of the specific pat-
terns mentioned above.

The reconfiguration may be a two-dimensional rotation of
the patterns carried out by means of the rotation matrix

( cos(@) sin(w)]

—sin(@) cos(@)

where o is the rotation angle determined from the sensor
readings. In the special case of a=90 degrees, we obtain
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The reconfiguration may apply scaling by use of the scaling
matrix

(5]
B= N
0 b

where a and b are the scaling parameters for the two dimen-
sions, a need not necessarily be equal to b.

Below, a non-exhaustive list of the possible orientation and
folding configurations of the tactile blanket as illustrated in
FIG. 1 is provided:

If the tactile blanket 1 is upright and folded and only one
person is detected (cf. FIG. 5A), the predefined tactile pat-
terns for back, buttocks and upper legs are combined and
corrected in orientation by using proper matrix rotation,
translation or scaling procedures to generate the reconfigured
actuator configuration.

If the tactile blanket is not upright and not folded and only
one person is detected, the reconfigured actuator configura-
tion is based on the predefined tactile patterns for buttocks
and upper legs.

If the tactile blanket 1 is not upright and not folded and
multiple persons are detected (FIG. 5B), the reconfigured
actuator configuration is based on the predefined tactile pat-
terns for buttocks and upper legs which are combined, dupli-
cated and adjusted for multiple persons and corrected in ori-
entation.

If the tactile blanket is not upright and is folded along the
long axis (i.e., folding line 9 in FIG. 1), if only one person is
detected and most weight is coming from the buttocks, the
reconfigured actuator configuration is based on the pre-
defined tactile patterns for buttocks are extracted from the
database and corrected in orientation and folding.
Corrections for folding can consist in:

Combining one pattern, suitably corrected into a single
overlaid matrix (i.e., doubling the tactile display resolution,
e.g., going from 64x64 to 128x128). In this case, the output
amplitude to the motors may be increased to compensate for
the double layers of cloth and electronics in between.

Using each set of actuators as a separate display matrix, so
that via one matrix tactile pattern A is displayed and via the
other matrix tactile pattern B is displayed, the combination of
A and B possibly having special effects. For instance, a spe-
cial effect could be activating two opposite patterns at the
same time on the same location, such as a pattern going from
top to bottom and a pattern going from bottom to top.

Ifthe blanket is not upright and folded along the long axis,
if multiple persons are detected and most weight is coming
from the buttocks, the reconfigured actuator configuration is
based on the predefined tactile patterns for buttocks corrected
in orientation and folding.

The tactile blanket has a configuration that is the combina-
tion of the previous two and moreover the weight from the
upper legs is detected.

If the tactile blanket is not upright and folded along the
short axis (i.e., folding line 8 in FIG. 1) and only one person
is detected, the reconfigured actuator configuration is based
on the predefined tactile patterns for buttocks and upper legs
corrected in orientation and folding.

If the tactile blanket is not upright and folded along the
short axis and multiple persons are detected, the reconfigured
actuator configuration is based on the predefined tactile pat-
terns for buttocks and upper legs corrected in orientation and
folding.
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Alternatively, the tactile blanket can be draped around a
person. This can be done in a number of ways, for example:
(a) around the upper legs to stimulate the front and the back of
the upper legs as well as the buttocks; (b) around the torso to
stimulate the front and the back of the torso (i.e., back, belly
and chest); (c) on the front of the upper legs and on the front
of the torso; and (d) draped around the body (in a ventral or
dorsal mode): this is a sort of free mode, where the pressure
and/or accelerometer sensor readings may be ambiguous;
therefore, in this situation the user can either select her own
tactile patterns or provide input to the type of tactile patterns
to be used, e.g., by means of the controller.

A similar list of possible orientation and folding configu-
rations can be made for the embodiment of FIG. 2.

FIG. 4 illustrates a tactile stimulation system 40, which
comprises a metadata player 41 connected to a display device
42, speakers 43 and the tactile blanket 44. The metadata
player 41 is an electronic device capable of extracting tactile
stimulation information from a metadata file and controlling
the tactile blanket 44 based on this information. Here, the
metadata player 41 has the functionality of video rendering
for display on the display device 42 and audio rendering for
the speakers 43 based on a media clip contained in the meta-
data file. However, in an alternative embodiment the metadata
player 41 may be a complementary device (not shown) con-
nected to a multimedia device, such as a DVD player, which
handles the audio and video rendering devices. Also, the
metadata player may be combined with or comprised in a
multimedia device such as a DVD player, a multimedia com-
puter, and the like.

In an embodiment, the metadata player 41 processes a
metadata file, and renders video and audio data contained in a
video stream to the TV-screen 42 and to the speakers 43,
respectively. Moreover, the metadata player 41 processes the
tactile data included in the metadata file and plays the tactile
stimulation patterns as prescribed in the pattern sequence. For
each pattern played, steering signals are transmitted from the
metadata player 41, via the wireless communication link, to
the computing unit in the tactile blanket 44. The steering
signals are then used to activate the appropriate actuators,
which stimulate the skin of the person the tactile blanket is
draped around to. Since the patterns are synchronized with
the content of the media clip, properly timed emotions are
conveyed to that person, thereby enhancing her multimedia
experience. Basically, as a pattern is played, the correspond-
ing bodily response associated with an emotion can be simu-
lated. For instance, in order to enhance feelings of fear, shiv-
ers down a person’s spine can be simulated by sequentially
driving the actuators in the tactile blanket that are placed
along that specific region. For user convenience, the tactile
actuators can be switched on and off by a mute button on the
controller, for example.

In order to minimize wire lengths inside the tactile blanket,
the position of the electronics for control and communication
and the battery may be chosen to be as central as possible.
Furthermore, the communication between the computing unit
inside the tactile blanket and the tactile simulation system
may occur via Bluetooth, ZigBee or other wireless protocols.
As we only transmit pattern information, the data rate can be
rather low (<20 kB/s for 100 Hz refresh).

The invention can be implemented in any suitable form
including hardware, software, firmware or any combination
of these. The invention or some features of the invention can
be implemented as computer software running on one or more
data processors and/or digital signal processors. The elements
and components of an embodiment of the invention may be
physically, functionally and logically implemented in any
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suitable way. Indeed, the functionality may be implemented
in a single unit, in a plurality of units or as part of other
functional units. As such, the invention may be implemented
in a single unit, or may be physically and functionally distrib-
uted between different units and processors.

Although the present invention has been described in con-
nection with the specified embodiments, it is not intended to
be limited to the specific form set forth herein. Rather, the
scope of the present invention is limited only by the accom-
panying claims. In the claims, the term “comprising” does not
exclude the presence of other elements or steps. Additionally,
although individual features may be included in different
claims, these may possibly be advantageously combined, and
the inclusion in different claims does not imply that a com-
bination of features is not feasible and/or advantageous. In
addition, singular references do not exclude a plurality. Thus,
references to “a”, “an”, “first”, “second” etc. do not preclude
a plurality. Furthermore, reference signs in the claims shall
not be construed as limiting the scope.

The invention claimed is:

1. A foldable tactile display that can be folded so as to
accommodate a shape of an object or user, said foldable
tactile display comprising;

a computing unit adapted to receive command signals and

sensor signals;

a plurality of actuators distributed in the foldable tactile
display;

a plurality of sensors distributed in the foldable tactile
display, the plurality of sensors being connected to the
computing unit;

a plurality of folding lines adapted for folding the foldable
tactile display along the plurality of folding lines; and

a plurality of integrated units arranged in a matrix on the
foldable tactile display, each of said plurality of inte-
grated units including at least one actuator of the plural-
ity of actuators, an accelerometer, and at least one sensor
of the plurality of sensors;

wherein the plurality of actuators are controllable by the
computing unit in accordance with a predefined actuator
configuration selected based on a received command
signal; and

wherein the computing unit is further adapted to determine,
based on at least the foldable tactile display’s orienta-
tion, whether or not the predefined actuator configura-
tion should be reconfigured to generate a reconfigured
actuator configuration so as to control the plurality of
actuators in accordance with the reconfigured actuator
configuration, wherein two sensors of the plurality of
sensors are configured for detecting a folding line of the
plurality of folding lines, wherein measurements per-
formed by the plurality of sensors result in the determi-
nation of the orientation.

2. The foldable tactile display according to claim 1,
wherein the plurality of sensors comprise an orientation sen-
sor fir detecting an orientation of the foldable tactile display,
and wherein the orientation is inputted in the computing unit
so s to control the plurality of actuators in response to the
detected orientation.

3. The foldable tactile display according to claim 1,
wherein the plurality of sensors comprise at least one orien-
tation sensor for detecting an orientation of the sensor, and
wherein the orientation is inputted in the computing unit so as
to determine a folding configuration of the foldable tactile
display along the plurality of folding lines and so as to control
the plurality of actuators in response to the folding configu-
ration.
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4. The foldable tactile display according to claim 3,
wherein the plurality of actuators and the at least one orien-
tation sensor are arranged in one or more integrated units,
where each integrated unit comprises an actuator and an
orientation sensor, wherein the orientation of the one or more
integrated units is inputted in the computing unit so as to
determine a folding configuration of the foldable tactile dis-
play along the plurality of folding lines and so as to control the
plurality of actuators in response to the detected folding con-
figuration.

5. The foldable tactile display according to claim 1,
wherein the plurality of sensors comprise a pressure sensor
for detecting the presence of one or more users, and wherein
anumber of the one or more users is inputted in the computing
unit so as to control the plurality of actuators in response to
the detected the number of the one or more users.

6. The foldable tactile display according to claim 1,
wherein the plurality of sensors comprise a pressure sensor
for detecting a position of one or more users, and wherein the
position of the one or more users is inputted in the computing
unit so as to control the plurality of actuators in response to
the detected position of the one or more users.

7. The foldable tactile display according to claim 1,
wherein the computing unit stores a database of predefined
actuator configurations, and wherein the computing unit
based on the received command signal selects the predefined
actuator configuration.

8. The foldable tactile display according to claim 1,
wherein the computing unit accesses a database of predefined
actuator configurations comprised in an external computing
device, wherein the external computing device selects the
predefined actuator configuration based on the received com-
mand signal and based on the sensor signals determines
whether to generate the reconfigured actuator configuration,
the reconfigured actuator configuration is forwarded to the
computing unit so as to control the plurality of actuators in
accordance with the reconfigured actuator configuration.

9. The foldable tactile display according to claim 1,
wherein the received command signal is based on multimedia
contents.

10. The foldable tactile display according to claim 1,
wherein at least a surface layer of the foldable tactile display
is textile-based.

11. The foldable tactile display according to claim 1,
wherein the computing unit is further adapted to determine,
based on the foldable tactile display’s orientation and folding
configuration, whether or not the predefined actuator configu-
ration should be reconfigured to generate the reconfigured
actuator configuration.

12. The foldable tactile display according to claim 11,
wherein measurements performed by the plurality of sensors
result in the determination of the folding configuration.

13. A tactile stimulation system, the tactile stimulation
system comprises:

afoldable tactile display that can be folded so as to accom-
modate a shape of an object or user, the foldable tactile
display comprising;

a computing unit adapted to receive command signals
and sensor signals;

a plurality of actuators distributed in the foldable tactile
display;

a plurality of sensors distributed in the foldable tactile
display, the plurality of sensors being connected to the
computing unit;

plurality of folding lines adapted for folding the foldable
tactile display along the plurality of folding lines;
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a plurality of integrated units arranged in a matrix on the
foldable tactile display, each of said plurality of inte-
grated, units including at least one actuator of the plu-
rality of actuators, an accelerometer, and at least one
sensor of the plurality of sensors; and

a command unit communicatively connected to the com-
puting unit;

wherein the command signals received by the computing
unit are provided by the command unit;

wherein the plurality of actuators are controllable by the
computing unit in accordance with a predefined actuator
configuration selected based on a received command
signal; and

wherein the computing unit is further adapted to determine,
based on at least the foldable tactile display’s orienta-
tion, whether or not the predefined actuator configura-
tion should he reconfigured to generate a reconfigured
actuator configuration so as to control the plurality of
actuators in accordance with the reconfigured actuator
configuration, wherein two sensors of the plurality of
sensors are configured for detecting a folding line of the
plurality of folding lines, wherein measurements per-
formed by the plurality of sensors result in the determi-
nation of the orientation.

14. The tactile stimulation system according to claim 13,
wherein the command unit is communicatively connected to
a multimedia rendering device, and wherein the command
signal is based on a signal received from the multimedia
rendering device.

15. The tactile stimulation system according to claim 13,
wherein the computing unit is further adapted to determine,
based on the foldable tactile display’s orientation and folding
configuration, whether or not the predefined actuator configu-
ration should be reconfigured to generate the reconfigured
actuator configuration.

16. The tactile stimulation system according to claim 15,
wherein measurements performed by the plurality of sensors
result in the determination of the folding configuration.

17. A method of operating a foldable tactile display,
wherein the foldable tactile display can be folded so as to
accommodate a shape of an object or user, the foldable tactile
display comprises:

a computing unit adapted to receive command signals and

sensor signals;

a plurality of actuators distributed in the foldable tactile
display;

a plurality of sensors distributed in the foldable tactile
display, the plurality of sensors being connected to the
computing unit;

a plurality of folding lines adapted for folding the foldable
tactile display along the plurality of folding lines; and

a plurality of integrated units arranged in a matrix on the
foldable tactile display, each of said plurality of inte-
grated units including at least one actuator of the plural-
ity of actuators, ml accelerometer, and at least one sensor
of the plurality sensors;

and wherein the method comprises:

receiving command signals and sensor signals and input-
ting these signals into the computing unit; and

controlling the plurality of actuators by means of the com-
puting unit in accordance with a predefined actuator
configuration selected based on a received command
signal; and

determining whether or not the predefined actuator con-
figuration should be reconfigured based on at least the
foldable tactile display’s orientation to generate a recon-
figured actuator configuration so as to control the plu-



US 9,134,796 B2
11

rality of actuators in accordance with the reconfigured
actuator configuration, wherein two sensors of the plu-
rality of sensors are configured for detecting a folding
line of the plurality of tiding lines, wherein measure-
ments performed by the plurality of sensors resultin the 5
determination of the orientation.

18. The method according to claim 17, wherein the step of
determining whether or not the predefined actuator configu-
ration should be reconfigured based on at least the foldable
tactile display’s orientation includes determining whether or 10
not the predefined actuator configuration should be reconfig-
ured based on the foldable tactile display’s folding configu-
ration.

19. The method according to claim 18, wherein measure-
ments performed by the plurality of sensors result in the 15
determination of the folding configuration.
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